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bstract
Pure and silver-doped cadmium zinc sulphide phosphors have been synthesized by high-temperature solid-state reaction methods
nder a nitrogen atmosphere. The influence of silver concentration on the crystal structure and the luminescence of solid-state
ynthesized (Cd0.95Zn0.5)S crystals were investigated by X-ray diffraction (XRD), energy dispersive analysis of X-rays (EDX)
nd photoluminescence (PL) emission spectroscopy. The powder X-ray diffraction (PXRD) pattern of silver-doped (Cd0.95Zn0.5)S
evealed a hexagonal crystalline phase. The morphology of the samples was studied by scanning electron microscopy (SEM),
hich confirmed the microcrystalline behaviour and good connectivity with grain. The photoluminescence spectra were obtained
y irradiating the samples with 345-nm UV light. The effects of silver concentration on the photoluminescence spectra of the
repared phosphors were investigated in detail.
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Group II–VI semiconductor materials have been the
ocus of extensive theoretical and experimental stud-
es for several decades. Moreover, these semiconductor∗ Corresponding author. Tel.: +91 9827850113.
E-mail address: raunak.ruby@gmail.com (R.K. Tamrakar).
eer review under responsibility of Taibah University.
ttp://dx.doi.org/10.1016/j.jtusci.2015.05.006
658-3655 © 2015 The Authors. Production and hosting by Elsevier B.V. on 
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).materials are of great interest for both fundamen-
tal research and industrial development. Because of
their nonlinear optical properties, electrical properties,
tremendous luminescence quality, quantum cutting and
other excellent physical and chemical properties, group
II–VI microcrystalline semiconductors have potential
applications as sensors, conductors, diodes and optical
devices [1–4]. For numerous applications in the field of
optics, the optical properties of materials are requiredbehalf of Taibah University. This is an open access article under the
to be tunable and thus controllable. The optical prop-
erty tunability of these materials is imperative and would
be beneficial to their applicability [2,5–7]. (CdZn)S is a
high band gap material used for various optoelectronic
ah Univ116 R.K. Tamrakar et al. / Journal of Taib
applications in the visible range of the electromagnetic
spectrum. Because of its relatively high photoconduc-
tivity, high luminosity, tunability and morphological
properties, it yields excellent results for various appli-
cations [2,8–13].
Among the various methods for the preparation
of Ag-doped (CdZn)S materials, solid-state reaction
techniques are effective. This technique can provide
homogenous internal and volumetric heating. Moreover,
the solid-state reaction technique is capable of producing
uniform particle size distribution and high purity with
fast processing at low cost [14]. The literature reveals
that many authors have already studied different prop-
erties of (CdZn)S. Sao et al. synthesized Ag+-doped
(Cd0.95Zn0.5)S phosphors in an air atmosphere with KCl
as a flux, and they also studied the ML and TL proper-
ties. Mechanoluminescence properties of (Cd0.95Zn0.5)S
mixed nanoparticles doped with silver is already reported
by Sao et al. (2012) and Ratnesh et al. (2014) [9,13].
The present work intends to study the effect of silver ion
concentration on the structural and photoluminescence
behaviour of (Cd0.95Zn0.5)S phosphors synthesized by
Scheme 1. Mechanism of the solid-state synthesis of pureersity for Science 10 (2016) 115–121
solid-state reaction methodology under an N2 atmo-
sphere.
2.  Experimental  details
Pure and silver-doped (Cd0.95Zn0.5)S phosphors were
prepared using solid-state reaction methods. Lumines-
cence grade CdS and ZnS (Fluka, Switzerland) and silver
nitrate (Ag(NO3)3; Merck) were acquired, as well as
sodium chloride (NaCl; Merck) for use as a flux. The
fixed CdS and ZnS contents (0.95% and 0.5%, respec-
tively) were mixed with different Ag+ ion concentrations
(1–5 mol%) for preparation of the phosphors. The mix-
ture was placed in an alumina crucible, and then heated
in a silica tubular furnace maintained at 900 ◦C under an
inert atmosphere of flowing nitrogen gas. After the com-
pletion of heating, the mixture was allowed to cool to
room temperature in the same furnace. Following cool-
ing, the sample was immediately crushed to convert it
into a fine powder with uniform crystal size. (Scheme 1)
[2].
 and Ag(1–5%)-doped (Cd0.95Zn0.5)S phosphors.
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.  Results  and  discussion
.1.  X-ray  diffraction  (XRD)  results
The XRD pattern of pure and Ag(1–5%)-doped
Cd0.95Zn0.5)S phosphor samples is shown in Fig. 1a
he peak width shows the behaviour of the sample. The
eak width decreases as the size of the crystal increases,
hus the width increases as crystal size decreases. The
ize of the crystal was calculated using the full width
t half maximum (FWHM) of all peaks obtained by the
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ig. 1. (a) Powder X-ray diffraction pattern of pure and Ag (1–5%)-doped (Cersity for Science 10 (2016) 115–121 117
Debye Scherrer formula and then finding the average of
these values [18]. The formula used for this calculation
was:
D  = 0.9λ
β  cos θ
where D is crystal size in nm, β  is the full width at half
maximum (FWHM), λ is the wavelength of X-ray source
(1.54 A˚), and θ  is the angle of diffraction.
The crystal size of the sample varies from 100 to
160 nm for 0–5% Ag. The XRD analysis indicates that
3 4 5
ncentration 
45 50 55 60 65
d0.95Zn0.5)S phosphors. (b) Silver ion concentration vs. crystal size.
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Fig. 2. SEM images of pure and Ag(0–5%)-doped (Cd0.95Zn0.5)S phosphors.
Table 1
Sample characteristics and their compositions (mol.%).
S. No. Matrix Structure Dopant concentration of Ag+ ion Average crystal size in nm
A (Cd,Zn)S Hexagonal 0 141
B (Cd,Zn)S Hexagonal 1 145
C (Cd,Zn)S Hexagonal 2 148
D (Cd,Zn)S Hexagonal 3 153
E (Cd,Zn)S Hexagonal 4 155
F (Cd,Zn)S Hexagonal 5 162
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Fig. 3. EDX results of pure and Ag(3%)-doped (Cd0.95Zn0.5)S phosphors.
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Table 1 and Fig. 1b).
.2.  Scanning  electron  microscopy  (SEM)  results
The morphologies are noticeably dependent on the
reparation procedure and crystal composition. The sur-
ace morphology of the crystals was also observed by
EM, which provided images of the surface morphology
f pure and Ag (1–5%)-doped (Cd0.95Zn0.5)S phos-
hors (Fig. 2). Based on the SEM images, the prepared
hosphor shows microcrystalline behaviour and good
onnectivity with grain, which indicates that powder size
nd morphology are well controlled. No significant dif-
erence was observed in the XRD patterns and SEM
icrographs; therefore, all samples are well crystallized
nto hexagonal (Cd0.95Zn0.5)S:Ag structures. These indi-
ate that the enhancement in luminescence efficiency is
ot caused by grain morphology.
.3.  Energy  dispersive  analysis  of  X-rays  (EDX)
esults
Energy dispersive X-ray analysis gives both quali-
ative and quantitative information about the elemental
omposition of the materials. From the EDX spectra, we
an conclude that there are other materials, such as impu-
ities or adducts, present in the samples. These impurities
ccur either accidently with the reagent molecules or are
dded for modification of the basic materials. The inten-
ity of the spectra correlates with the amount of elementspresent in it. The EDX spectra of pure and silver-doped
(Cd0.95Zn0.5)S phosphors are shown in Fig. 3. The results
justified the synthesis of pure and doped (Cd0.95Zn0.5)S
phosphors.
3.4.  Photoluminescence  results
Photoluminescence (PL) is a very sensitive method
that investigates defects and impurities. Thus far, numer-
ous PL studies on Ag-doped (Cd0.95Zn0.5)S phosphors
have been performed; however, little is known about
the effect of higher concentrations of silver. Room tem-
perature PL spectra of the (Cd0.95Zn0.5)S phosphors
with different Ag ion concentrations (1–5 mol.%) are
shown in Fig. 4a. The measurements were performed
at an excitation wavelength of 345 nm. The PL spec-
tra show broad peaks, which imply the superposition of
multiple emission bands [2]. These transitions belong to
the defects produced by the silver ions. A small emis-
sion peak at 525 nm can be attributed to the transition
from the shallow trap level, while the peak at 549 nm
can be assigned to the radiative transition from a deep
trap state due to the vacancy in the synthesized lattice.
This was confirmed by Sethi et al. The peak intensi-
ties corresponding to 525 and 549 nm increased with
increasing silver concentration [2,19] (Fig. 4b). Thus,
the PL peak suggests that the sulphur vacancies are occu-
pied by the Ag ion in the lattice host material of the
(Cd0.95Zn0.5)S phosphors, which reduces the participa-
tion of the sulphur content in excitation and chemical
reactions [20].
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Fig. 4. (a) Photoluminescence spectra of Ag(1–5%)-doped (Cd
4.  Conclusion
The pure and silver-doped (Cd0.95Zn0.5)S phosphors
were prepared using solid-state reaction methods. For-
mation of the phosphors was confirmed by EDX analysis.
Other structural behaviour was defined by XRD and
FESEM analysis. The structural and optical properties
were investigated as a function of Ag+ ion concentra-
tion. Thus, crystal size increases with increasing Ag+
ion concentration. The average crystal size was in theon of  Ag+ io n
.5)S phosphor. (b) Silver ion concentration vs. intensity graph.
141–162 nm range. In the PL emission spectra, the emis-
sion peak was located in the green region at 549 nm. PL
intensity also increases with increasing Ag+ ion concen-
tration.
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